Summary. The role of external quality assessment (EQA) is a contentious issue for patient self-management (PSM) of oral anticoagulation. Patients from general practices in the West Midlands undertaking PSM were recruited to compare efficacy of patients' and health professionals' EQA procedure using the UK National External Quality Assessment Scheme (NEQAS). Patients using Coaguchek (Roche Diagnostics) were trained to perform EQA as part of their PSM training. They undertook PSM for 26 weeks and were asked to perform EQA using material provided by the UK NEQAS twice at home without supervision and twice at the practice with supervision. Patients' results were compared with health care professional users of Coaguchek S. Twenty-three PSM patients were compared with 75 health care professional users of the NEQAS scheme. The PSM group international normalized ratio (INR) percentage time in range was 74%. There was no significant difference in the median results on NEQAS samples obtained by the patients and those obtained by professionals. Three patients were outwith consensus (results > 15% from the median INR) on more than one occasion. Patients were able to perform the EQA tests competently. The data show that good agreement can be achieved between patients analysing the same EQA samples, with coefficients of variation ranging from 22AE3% to as low as 5AE4%. Further study is required to determine how precision within these EQA schemes relates to the stability of treatment in patients' management of their own anticoagulation.
The expansion of clinical indications for warfarin (Lowe, 1992; Sweeney et al, 1995) , particularly non-rheumatic atrial fibrillation (AF) (Gustafson et al, 1992; Sandercock et al, 1992) , has heightened concerns over where and how warfarin monitoring should be undertaken (Taylor et al, 1993; Sudlow et al, 1995) . This is an important issue for all health care systems as current data show that, of patients aged over 65 years with identified AF, only one-third are currently receiving anticoagulation (Sudlow et al, 1997) .
Point of care (PoC) testing is increasingly being seen as a means of reducing the increasing workload for hospitalbased anticoagulant clinics and improving the care of patients receiving anticoagulation therapy (Fitzmaurice et al, 2000) . A relatively new model of care involves patients measuring their own international normalized ratio (INR) using PoC equipment and interpreting the result themselves, in a similar way to diabetic patients monitoring their own glucose control. This model is widespread in Germany and is known as patient self-management (PSM) (Taborski et al, 1999) . PSM for oral anticoagulation has a small evidence base, and one contentious issue is the role of external quality assurance (EQA) for patients (Fitzmaurice & Machin, 2001 ). This study was undertaken as part of a randomized controlled trial of PSM versus routine primary care management, which is reported elsewhere (Fitzmaurice et al, 2002) . Data from the trial indicate the efficacy of patient-managed EQA in comparison to health care professionals using the same samples.
The aim of this study was to compare the efficacy of patients EQA procedure with or without supervision, using the UK National External Quality Assessment Scheme (NEQAS), with the efficacy of health professionals from the same surveys.
METHODS
Patients were selected from six general practices in the West Midlands, UK, using the Birmingham model of anticoagulation, practice nurse-managed, using PoC systems for INR estimation and computerized decision support software (CDSS) for dosing warfarin (Fitzmaurice et al, 2000) . Patients recruited to the trial were selected from those patients in the practices who were over 18 years old and had received long-term warfarin for a period of at least 6 months. Practice nurses then selected patients from this group for the trial, using broad criteria. The nurses were asked to select patients who: had a good record of treatment adherence in that they did not regularly miss appointments; had a stable INR, defined as achieving INR within 0AE5 of the target value for at least 60% of the time in the previous 12 months; had no serious concurrent medical condition or the nurses felt would be too anxious to manage their warfarin; had no symptoms of dementia, were able to follow simple instructions and had enough manual dexterity to manage a PoC system. The selected patients were asked to attend an informal talk about the study, when the process of PSM and EQA was explained. They were asked to give written informed consent and then randomized to either intervention (PSM) or control (routine clinic management). All PSM patients used the Coaguchek (CUC) system (Roche Diagnostics, Lewes, UK) and were trained to perform EQA as part of the PSM training that took place at two 3-h training sessions. Patients undertook PSM for 26 weeks and were all asked to perform EQA using material provided by the UK NEQAS. Lyophilized plasma was prepared as described previously (Preston, 1995) and was provided with two diluents for reconstitution and recalcification. Patients were provided with instructions to perform the tests in exactly the same way as health professionals using the CUC instrument. EQA was performed four times during the study period, twice at home without supervision (weeks 10 and 20) and twice at the practice with supervision by research personnel (weeks 12 and 22). All four test samples were coded differently so patients were not aware that three were the same (sample A) and one was different (sample B). Results were compared with all health care professional users of CUC who participated in the UK NEQAS programme on two occasions using samples A and B. These centres were regular participants in this programme, with 70% from general practice, 20% pharmacists and 10% from hospitals. The median of all results for the same sample was calculated. In terms of performance, NEQAS define acceptable performance as being within 15% of the median result obtained (Preston, 1995) . Results within these target limits are termed 'within consensus'. For patients who obtained INR results 'outwith consensus'. the CUC monitor and the batch of test strips were assessed centrally as follows: a series of seven different UK NEQAS samples was analysed with the patient device under investigation using the same batch of test strips (batch 118) used by the patients and also using a second batch of test strips (batch 135). The same samples were also tested with these two test strip batches and a CUC monitor for which all results had been within consensus.
Internal quality control (IQC) provided by the manufacturer was performed at weeks 1, 8 and 20 of the study. This was undertaken to ensure the day-to-day consistency of INR results and give immediate and constant control of the monitor. The manufacturer's IQC is contained in a plastic tube containing a glass ampoule of lyophilized plasma surrounded by a liquid diluent. It is simple to use: gentle pressure crushes the ampoule, and the plasma is dissolved into the diluent. After 2 min, the analysis is performed as for a patient blood sample. Patients were also asked to perform IQC if they recorded an unexpected INR result or when using a new batch of test strips.
RESULTS
Twenty-three PSM patients were compared with the results of 75 health care professionals using the EQA scheme. The mean age of the PSM group was 63 years, and the main clinical indications for anticoagulation were 55% for atrial fibrillation, 14% recurrent thromboembolism and 14% valve replacements. Other conditions included mitral stenosis, stroke/transient ischaemic attack and cardiomyopathy. All internal quality control results were in range according to the manufacturer's recommendations. The INR percentage time in range (Rosendaal et al, 1993) for the PSM group was 74% (Fitzmaurice et al, 2002) . EQA results are summarized in Table I . There were no significant differences in the median results obtained by the patients in comparison with those obtained by professionals. The range and coefficient of variation (CV) obtained by the patients was comparable with that obtained by professionals and for one sample was considerably better. No significant difference was found in the number of 'outwith consensus' results, with 15 out of 76 (20%) of patients results 'outwith consensus' (result > 15% from the median INR) compared with 15 of 149 (10%) of the professionals' results (chi squared P ¼ 0AE07). Test 1 results are displayed in Fig 1. Three patients were outwith consensus on more than one occasion in the four surveys. Four CUC monitors were recovered from patients who had obtained outwith consensus results on NEQAS samples. The mean INR results of seven samples for the four monitors ranged from 2AE90 to 3AE21 for test strip batch 118, compared with 3AE0 with a CUC monitor for which all results had been within consensus. Thus, the maximum difference between mean INR results on the five monitors was 10AE7%, and these differences were not statistically significant. For test strip batch 135, this ranged from 2AE86 to 3AE01 for the four monitors under investigation and 2AE9 for the monitor with consistently acceptable results. The maximum difference between results with test strip batch 118 and batch 135 for any of the five monitors was 7AE4%. Although 23 patients were enrolled, an incomplete set of results was obtained in each distribution. In survey 1, three patients reported a test error reading on the CUC. In survey 2, three patients did not attend the GP surgery, and one made an error in the test process. In survey 3, one patient reported a test error, and one failed to return their results; in survey 4, three patients made an error in the test process, and three did not attend the surgery. In summary, one patient was outwith consensus on three occasions, and a further two were outwith on two occasions. All patients obtained at least one result within consensus.
DISCUSSION
This study aimed to evaluate the efficacy of patientmanaged EQA in comparison with EQA managed by health care professionals. Patients considered suitable for PSM were asked to participate in the UK NEQAS EQA scheme after training and assessment of competence with the Coaguchek system.
They managed the PoC monitor with minimal support and, in practical terms, were able to perform the EQA tests competently. However, this was a highly selective population, the practice nurses were extremely cautious in their selection, and nearly one-third refused to participate in the trial, so the results may reflect those of the most motivated patients.
These data demonstrate that good agreement can be achieved between patients for EQA samples with CVs ranging from 22AE3% to as low as 5AE4%. For comparison, CVs among hospital coagulation laboratories using routine thromboplastin reagents are typically around 10% and, in four recent surveys in the UK NEQAS scheme, CUC users in GP practices and hospital departments recorded CVs ranging from 8AE6% to 14AE1%.
The best survey performance with the patients in this study (5AE4%) occurred with supervision when the health professional observed the test performance, perhaps ensuring that the patients took greater care with the procedure.
Of concern, however, is that, with the exception of survey 2, approximately one in five patients obtained a result > 15% from the median INR in each survey, recording an INR sufficiently distant from the median to influence management for a clinical sample. Nevertheless, EQA is particularly designed to identify problems in long-term performance and, in this study, just three patients obtained results outside consensus on more than one occasion.
Patients had no problems with the IQC test supplied by the manufacturer to test day-to-day precision and, although this is to be expected as they have considerably larger target ranges (e.g. 1AE7-3AE7), it may highlight the limitations of this method.
There are several possible causes of outwith consensus INR results of UK NEQAS samples, including the monitor itself, error in the calibration of the test strip, deterioration of test strips during storage and inappropriate handling of the EQA sample. Analysis of the study test strips (comparing the batch lot used by the patients with a second lot) showed good agreement, and the maximum difference between NEQAS samples on different CUC monitors was approximately 10%. This suggests that the cause of outlying results was not the monitor used or the calibration of the test strip batch, although alterations during storage by patients could not be excluded from our data. Inappropriate storage or handling of the EQA material could also have contributed to the variation in results obtained by patients.
Our data suggest that patients considered suitable for selfmanagement can participate in an EQA programme and obtain similar results to those obtained by health care professionals experienced in this type of exercise. An EQA programme of the type described here could be one approach in helping to ensure that PoC INR tests are under control. Further study is required to determine how precision within these EQA schemes relates to the stability of treatment in patients managing their own anticoagulation.
